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VIRAL VARIANTS AND METHODS 
FOR DETECTING SAME 

5 The present invention relates generally to viral variants exhibiting reduced sensitivity to particular 
agents and/or reduced interactivity with immunological reagents. More particularly, the present 
invention is directed to hepatitis B variants exhibiting complete or partial resistance to nucleoside 
analogues and/or reduced interactivity with antibodies to viral surface components. The present 
invention further contemplates assays for detecting such viraJ variants which assays are useful 
10 in monitoring anti-viral therapeutic regimes. 

Bibliographic details of the publications numerically referred to in this specification are collected 
at the end of the description. Sequence Identity Numbers (SEQ ID NOs.) for the nucleotide and 
amino acid sequences referred to in the specification are defined following the bibliography. 

15 

Throughout this specification, unless the context requires otherwise, the word "comprise", or 
variations such as "comprises" or "comprising" or the term "includes" or variations thereof; will 
be understood to imply the inclusion of a stated element or integer or group of elements or 
integers but not the exclusion of any other element or integer or group of elements or integers. 
20 In this regard, in construing the claim scope, an embodiment where one or more features is added 
to any of claim is to be regarded as within the scope of the invention given that the essential 
features of the invention as claimed are included in such an embodiment. 

Specific mutations in an amino acid sequence are represented herein as "Xaa,nXaa 2 " where Xaa t 
25 is the original amino acid residue before mutation, n is the residue number and Xaa 2 is the mutant 
amino acid. The abbreviation "Xaa" may be the three letter or single letter amino acid code. The 
amino acid residues for Hepatitis B virus DNA polymerase are numbered with the residue 
methionine in the motif Tyr Met Asp Asp (YMDD) being residue number 550. In the priority 
document, Australian Patent Application No. P03519, filed 8 November 1996, the same 
30 methionine was designated residue 530. The amino acid residues for the DNA polymerase 
referred to in this specification have been re-numbered accordingly. 
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Hepalitis B Virus (HBV) can cause debilitating disease conditions and can lead to acute liver 
failure. HBV is a DNA virus which replicates via an RNA intermediate and utilizes reverse 
transcription in its replication strategy (1). The HBV genome is of a complex nature having a 
partially double stranded DNA structure with overlapping open reading frames encoding surface, 
5 core, polymerase and X genes. The complex nature of the HBV genome is represented in Figure 
1. 

The presence of an HBV DNA polymerase has led to the proposition that nucleoside analogues 
could act as effective anti-viral agents. Examples of nucleoside analogues currently being tested 
10 are penciclovir and its oral form famciclovir (2, 3, 4, 5) and lamivudine (6,7). There is potential 
for such agents to be used in the treatment of chronic HBV infection. 

Peniciclovir has been recently shown to have potent inhibitory activity against duck HBV DNA 
synthesis in vitro and has been shown to inhibit HBV DNA polymerase-reverse transcriptase 
15 activity in vitro (8,9). Similarly, oral famiciclovir has been demonstrated to inhibit intra-hepatic 
replication of duck HBV virus in vivo (10). In man, famciclovir has been shown to reduce HBV 
DNA replication in a patient with severe hepatitis B following orthotopic liver transplantation 
(OLT)(ll). 

20 In work leading up to the present invention, nucleoside analogue antiviral therapy was used to 
control severe post-OLT recurrence of HBV infection (12). Long term therapy is mandatory 
where patients are immunosuppressed and the rate of HBV replication is very high. However, 
under such conditions, as with any long term chemotherapy of infectious agents, there is a 
potential for development of resistance or reduced sensitivity to the therapeutic agents employed. 

25 

In accordance with the present invention, the inventors have identified variants of HBV with 
mutations in the HBV DNA polymerase gene which to varying extents reduce the sensitivity of 
HBV to nucleoside analogues. The identification of these HBV variants is important for the 
development of assays to monitor nucleoside analogue therapeutic regimes and to screen for 
30 agents which can mask the effects of the mutation. In addition, since the HBV genome 
comprises a series of overlapping open reading frames, a nucleotide mutation in one open reading 
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frame can affect translation products in another open reading frame. In further accordance with 
the present invention, the inventors have observed mutations which reduce the interactivity of 
immunological reagents, such as antibodies and immune cells, to viral surface components. Such 
viral variants are referred to herein as "escape mutants" since they potentially escape existing 
5 immunological memory. 

Accordingly, one aspect of the present invention is directed to a variant of an isolated DNA virus 
which replicates via an RNA intermediate wherein said variant comprises a nucleotide mutation 
in a gene encoding a DNA polymerase resulting in at least one amino acid addition, substitution 
10 and/or deletion to said DNA polymerase. 

Another aspect of the present invention provides a variant of an isolated DNA virus which 
replicates via an RNA intermediate wherein said variant comprises a nucleotide mutation in a 
gene encoding a viral surface component resulting in at least one amino acid addition, 
15 substitution and/or deletion in said viral surface component. 

Still a further aspect of the present invention is directed to a variant of an isolated DNA virus 
which replicates via an RNA intermediate at least wherein said variant comprises a nucleotide 
mutation in an overlapping portion of at least two open reading frames resulting in an amino acid 
20 addition, substitution and/or deletion to translation products of said open reading frames. 

Preferably, the DNA virus is a hepatitis virus or a related virus and is most preferably HBV. 

A "related virus" in accordance with the present invention is one related at the genetic, 
25 immunological, epidemiological and/or biochemical levels. 

Preferably, the mutation in the DNA polymerase results in decreased sensitivity of the HBV to 
a nucleoside analogue. 

30 Preferably, the mutation in the viral surface component reduces the interactivity of 
immunological reagents such as antibodies and immune cells to the viral surface component. 
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Most preferably, the viral surface component is a viral surface antigen. The reduction in the 
interactivity of immunological reagents to a viral surface component generally includes the 
absence of immunological memory to recognise or substantially recognise the viral surface 
component. 

5 

A viral variant may, in accordance with a preferred aspect of the present invention, carry 
mutation only in the DNA polymerase or the surface antigen or may carry a mutation in both 
molecules. The term "mutation" is to be read in its broadest context and includes a silent 
mutation not substantially affecting the normal function of the DNA polymerase or surface 
10 antigen or may be an active mutation having the effect of inducing nucleoside analogue resistance 
or an escape mutant phenotype. Where multiple mutations occur in accordance with the present 
invention or where multiple phenotypes result from a single mutation, at least one mutation must 
be active or the virus must exhibit at least one altered phenotype such as nucleoside analogue 
resistance or reduced immunological interactivity to the surface antigen. 

15 

Regions of the HBV polymerase show amino acid similarity with other RNA-dependent DNA 
polymerases and RNA-dependent polymerases (13). In this specification, reference is made to 
the conserved regions defined by Poch et al{\3) as domains B and C. 

20 Preferably, the mutation results in an altered amino acid sequence in the B domain and/or C 
domain or regions proximal thereto of the HBV DNA polymerase. The present invention does 
not extend to a mutation alone in the YMDD motif of the C domain of the HBV DNA 
polymerase although such a mutation is contemplated by the present invention if it occurs in 
combination with one or more mutations in another location. 

25 

The mutation in the viral surface component is preferably in one or more amino acid residues 
within the major hydrophilic regions of the protein, in particular within the amino acid sequence 
1 18-169 of the HBV viral surface antigen and also the regions from amino acids sequence 169 
to 207 which are on the external surface of the protein. 

30 

According to a preferred aspect of the present invention, there is provided an HBV variant 
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comprising a mutation in the nucleotide sequence encoding a DNA polymerase resulting in an 
amino acid addition, substitution and/or deletion in said DNA polymerase in its B domain and/or 
C domain or in a region proximal thereto, provided said mutation is not in the YMDD motif of 
the C domain alone, and wherein said variant exhibits decreased sensitivity to a nucleoside 
5 analogue. 

Another preferred aspect of the present invention contemplates an HBV variant comprising a 
mutation in the nucleotide sequence encoding a viral surface component resulting in an amino 
acid addition, substitution and/or deletion in said viral surface component in a region 
10 corresponding to the B domain and/or C domain of HBV DNA polymerase or a region proximal 
to the B domain and/or C domain of HBV DNA polymerase and wherein said variant exhibits 
decreased interactivity of immunological reagents to said viral surface component. 

Yet another preferred aspect of the present invention relates to an HBV variant comprising a 
15 mutation in the nucleotide sequence encoding a viral surface component resulting in an amino 
acid addition, substitution and/or addition in said viral surface component in a region defined by 
amino acids 118 to 169 and also 169 to 207 of the HBV surface antigen or functionally 
equivalent region wherein said variant exhibits decreased interactivity of immunological reagents 
to said viral surface component, 

20 

Still yet another aspect of the present invention is directed to an HBV variant comprising a 
mutation in an overlapping open reading frame in its genome wherein said mutation is in the B 
and/or C domain of DNA polymerase provided that it is not in the YMDD motif of the C domain 
alone; and in the overlapping region corresponding to amino acids 1 18 to 169 and also 169 to 
25 207 or equivalent of HBV surface antigen and wherein said variant exhibits decreased sensitivity 
to a nucleotide analogue and exhibits decreased interactivity to immunological reagents specific 
to HBV surface antigens. 

The viral variant exhibiting reduced interactivity to immunological reagents is an escape mutant 
30 since antibodies or other immunological response to HBV from a prior exposure to the virus or 
following vaccination are no longer effective in targeting a viral surface component since the 
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mutation has altered a B- and/or T-cell epitope on the surface antigen. 

The nucleoside analogues contemplated by the present invention include penciclovir and its oral 
form famciclovir as well as lamivudine (3TC). Different variants may be resistant to different 
5 nucleoside analogues. For example, in one embodiment, a variant in the B domain of HB V DN A 
polymerase may be resistant to famciclovir whereas a variant in the C domain may be resistant 
to 3TC. 

The B domain is considered to comprise amino acid residues 505 to 529 of HBV DNA 
10 polymerase. This sequence is represented as follows: 

S/A H PI W LGFRK I/L PMG V/G GLSPFLLAQF. 

Reference to the B domain includes reference to proximal regions which includes up to about 
20 amino acids on either side of the domain. Preferably, the mutation is in one or more of the 
1 5 following amino acids: 

Q/K TY/FG R/W KLHL Y/L S/A HPI I/V LGFRK I/L PMG V/G 
GLSPFLLAQFTS AI C/L S 

The C domain comprises amino acids 546 to 556 as follows: 
20 A/V F S/A YMDD V/L/M VLG 

This includes the YMDD domain in which the methione residue is considered residue 550 
(formally regarded as residue number 530). The residue numbering in this specification has been 
adjusted according to the new numbering system where the methione of YMDD is 550. 

25 

Reference to the C domain includes proximal regions of up to 20 amino acids either side of the 
domain. 

The term "resistance" is used in its most general sense and includes total resistance or partial 
30 resistance or decreased sensitivity to a nucleoside analogue. 
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Preferably, the variants are in isolated form such that they have undergone at least one 
purification step away from naturally occurring body fluid. Alternatively, the variants may be 
maintained in isolated body fluid or may be in DNA form. The present invention also 
contemplates infectious molecular clones comprising the genome or parts thereof from a variant 
5 HBV. 

Preferred mutations in the HBV DNA polymerase include one or more of Gly498Glu, 
Arg/Trp499Lys, Thr530Ser, Ile509Val, Phe512Leu, Val519Leu, Pro523Leu, Leu526Met, 
Ile533Leu, Met550Val/Ile and/or Ser559Thr. Preferred mutations in the HBV surface antigen 
10 include one or more of Aspl44Glu and/or Gly 145Arg. These correspond to positions 498 and 
499 of DNA polymerase, respectively. More preferably, the variants contain two or more of the 
above-mentioned mutations. 

One particular mutant HBV has the nucleotide sequence set forth in SEQ ID NO: 17 and exhibits 
1 5 a multiphenotypic mutation rendering the DNA polymerase resistant to nucleoside analogues and 
an altered surface antigen such that it has reduced interactivity with antibodies to HBV surface 
antigen. The mutation is G498E in the DNA polymerase open reading frame as D144E and 
G145R in the surface antigen. This results from a double mutation in nucleotide numbers 226 
and 227 of SEQ ID NO: 17 to G and A. The polymerase protein of HBV is also similar to the 
20 DNA polymerase of Herpes Simplex Virus (HSV) (see Figure 3 for alignment). A mutation 
(Gly841Cys) in the HSV polymerase gene was selected for in the presence of famciclovir (15). 
This mutation occurs in the same position as the G498E mutation of the HBV polymerase. 

The present invention extends to the nucleotide sequence set forth in SEQ ID NO: 17 as well as 
25 a nucleotide sequence having at least 60% similarity thereto and which carries a double mutation 
in the amino acid sequence of DNA polymerase and the HBV surface antigen. Accordingly, the 
present invention is directed to an HBV having the nucleotide sequence as set forth in SEQ ID 
NO: 17 or a derivative thereof having a single or multiple nucleotide addition, substitution and/or 
deletion thereto such as a nucleotide sequence having at least 60% similarity to SEQ ID NO: 17. 
30 A derivative includes parts, fragments, portions and homologues of SEQ ID NO: 17. This aspect 
of the present invention also extends to a nucleotide sequence capable of hybridizing under low 
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stringency conditions at 42°C to SEQ ID NO: 17. 



Reference herein to a low stringency at 42 °C includes and encompasses from at least about 1% 
v/v to at least about 15% v/v formamide and from at least about 1M to at least about 2M salt for 

5 hybridisation, and at least about 1M to at least about 2M salt for washing conditions. Alternative 
stringency conditions may be applied where necessary, such as medium stringency, which 
includes and encompasses from at least about 16% v/v to at least about 30% v/v formamide and 
from at least about 0.5M to at least about 0.9M salt for hybridisation, and at least about 0.5M 
to at least about 0.9M salt for washing conditions, or high stringency, which includes and 

10 encompasses from at least about 31% v/v to at least about 50% v/v formamide and from at least 
about 0.01M to at least about 0. 15M salt for hybridisation, and at least about 0.01M to at least 
about 0.1 5M salt for washing conditions. 



Accordingly, another aspect of the present invention contemplates a variant HBV exhibiting 
15 reduced sensitivity to a nucleoside analogue and reduced interactivity to an antibody to wild-type 
HBV surface antigen, said HBV variant characterised by one or more of the following 
characteristics: 



(i) a nucleotide sequence of its genome as set forth in SEQ ID NO: 17 or a sequence having 
20 at least 60% similarity thereto; 

(ii) a nucleotide sequence capable of hybridising to SEQ ID NO: 17 under low stringency 
conditions at 42°C; 

(iii) a mutation in an overlapping portion of open reading frames for DNA polymerization and 
HBV surface antigen; and 

25 (iv) a mutation in the B and/or C domain of HBV DNA polymerase and is a region 
corresponding to amino acids 1 18 to 169 and also 169 to 207 of HBV surface antigen. 



According to another aspect of the present invention, there is provided a variant HBV 
comprising a nucleotide sequence which encodes a DNA polymerase having the amino acid 
30 sequence: 

X 1 HPIX 2 LGX,RKX 4 PMGX 5 GLSX 6 FLX 7 AQFTSAX 8 X 9 
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X 10 FX n YX 12 DDX 13 VLGAX J4 X )5 

wherein X! is S or A; 

X 2 is I or V; 
5 X 3 isForL; 

X 4 is I or L; 

X 5 is L or V or G; 

X 6 is P or L; 

X 7 is L or M; 
10 X 8 isIorL; 

X 9 is C or L; 

X 10 isAorV; 

X u is S or A; 

X n is M or I or V; 
15 X 13 is V orLorM; 

X 14 is Kor R; and/or 

X 15 SorT; 

and wherein said variant exhibits reduced sensitivity to a nucleoside sensitivity to a nucleoside 
20 analogue, such as famciclovir (penciclovir) and/or lamivudine (3TC). 

Another embodiment of the present invention is directed to a variant HBV comprising a 
nucleotide sequence which encodes a surface antigen having at least one amino acid substitution, 
addition and/or deletion to amino acid residue numbers 1 18 to 169 and also 169 to 207 of said 
25 surface antigen which corresponds to a DNA polymerase having the amino acid sequence: 

X 16 TX 17 X 18 X l9 KLHLX 20 X^HPX 22 LGX 3 RKX 4 PMGX 5 GLSX 6 FLX 7 AQFTSAX 8 X 9 

X 10 FX , , YX 12 DDX I3 VLG AX 14 X 15 

30 wherein: X l6 isQorK; 

X 17 is YorF; 
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X 18 is G or E; 
X 19 isRorWor K; 
X 20 is Y or L; 
X 2I is S or A; 
X 22 is I or V; 
X 3 is F or L; 
X 4 is I or L; 
X 5 is L or V or G; 
X 6 is P or L; 
X 7 is L or M; 
X 8 is I or L; 
X 9 is C or L; 
X 10 is A or V; 
X n is S or A; 
X 12 is M or I or V; 
X 13 is V or L or M; 
X 14 is K or R; and/or 
X 15 S orT; 

20 and wherein said variant exhibits reduced interactivity with immunological reagents, such as an 
antibody, to said surface antigen. 

Examples of preferred variants comprise the amino acid sequences shown in Figure 4. An 
example of a particularly preferred mutant is shown in Figure 5 (SEQ ID NO: 17). 

25 

The identification of the variants of the present invention permits the generation of a range of 
assays to detect such variants. The detection of such variants may bfc'important in identifying 
resistant variants to determine the appropriate form of chemotherapy and/or to monitor 
vaccination protocols. 

30 

Accordingly, another aspect of the present invention contemplates a method for determining the 
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potential for an HBV to exhibit reduced sensitivity to a nucleoside analogue, said method 
comprising isolating DNA or corresponding mRNA from said HBV and screening for a mutation 
in the nucleotide sequence encoding HBV DNA polymerase resulting in at least one amino acid 
substitution, deletion and/or addition in the B domain or C domain or a region proximal thereto 
5 of said DNA polymerase wherein the presence of such a mutation is an indication of the 
likelihood of resistance to said nucleoside analogue. 

A further aspect of the present invention provides a method for determining the potential for an 
HBV to exhibit reduced interactivity to antibody to HBV surface antigen, said method 

10 comprising isolating DNA or corresponding mRNA from said HBV and screening for a mutation 
in the nucleotide sequence encoding HBV surface antigen resulting in at least one amino acid 
substitution, deletion and/or addition in amino acids 1 18 to 169 and/or 169 to 207 of said surface 
antigen or a region proximal thereto of said surface antigen wherein the presence of such a 
mutation is an indication of the likelihood of reducing interactivity of said antibodies to said 

15 mutated surface antigen. 

Preferably, the assay determines a mutation resulting in a Glu/Val519Leu substitution and/or a 
Leu526Met substitution and/or a Pro523Leu substitution and/or a S559T substitution, and/or 
Gly498Glu substitution, and/or Arg/Trp499Lys substitution. 

20 

The DNA or corresponding RNA may be assayed or alternatively the DNA polymerase or 
surface antigen may be screened for the mutation. 

The detection according to this aspect of the invention may be any nucleic acid-based detection 
25 means, for example nucleic acid hybridisation techniques or polymerase chain reaction (PCR). 
The invention further encompasses the use of different assay formats of said nucleic acid-based 
detection means, including restriction fragment length polymorphism (RFLP), amplified fragment 
length polymorphism (AFLP), single-strand chain polymorphism (SSCP), amplification and 
mismatch detection (AMD), interspersed repetitive sequence polymerase chain reaction (IRS- 
30 PCR), inverse polymerase chain reaction (iPCR) and reverse transcription polymerase chain 
reaction (RT-PCR), amongst others. 
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The present invention extends to a range of immunologically based assays to detect variant HBV 
DNA polymerase or surface antigen. These assays are based on antibodies directed to naturally 
occurring HBV DNA polymerase or surface antigen which do not, or substantially do not, 
interact with the variant HBV DNA polymerase or surface antigen. Alternatively, antibodies to 
5 a variant HBV DNA polymerase or surface antigen are used which do not or substantially do 
not, interact with naturally occurring HBV DNA polymerase or surface antigen. 

Monoclonal or polyclonal antibodies may be used although monoclonal antibodies are preferred 
as they can be produced in large quantity and in a homogenous form. A wide range of 
10 immunoassay techniques are available such as described in U.S. Patent Nos. 4,016,043, 
4,424,279 and 4,018,653. 

The detection of amino acid variants of DNA polymerase is conveniently accomplished by 
reference to the consensus amino acid sequence shown in Figure 4. The polymorphisms shown 
15 represent the variations shown in various data bases for active pathogenic HBV strains. Where 
an HBV variant comprises an amino acid different to what is represented, then such an isolate 
is considered a putative HBV variant having an altered DNA polymerase activity. 

Accordingly, another aspect of the present invention contemplates a method for determining 
20 whether an HBV isolate encodes a variant DNA polymerase, said method comprising 
determining the amino acid sequence of its DNA polymerase directly or via a nucleotide 
sequence and comparing same to the amino acid sequence below: 
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DOMAIN A 
421 430 440 450 

S N D LSWLSLD VSAAFYH I p PL HPAAMPHLL T V GSSGL S D RYVA 



460 470 480 490 

R LSST N S\N J * N N YhQ H y G r ***D nLH D^csrNqLyVS L^^O^F^ 

DOMAIN B 

500 510 520 530 

KLHL y L S AHPI I v LGFRK x lPMG V g GLSPFLLAQF TSAlCxAgV^VrpRcR 

DOMAIN C 
540 550 560 

afFphcLvAvfSay mdd v l m vlgaK r s t v g q eH l SrE s l f T A 



DOMAIN D DOMAIN E 

"0 580 590 600 

I T C N S F VLLS d L v GI HLNP N qKTKRW GYSLNFMGY V tI g 
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where the presence of a different amino acid from the consensus sequence indicates a putative 
HBV variant. 

The present invention further contemplates agents which mask the nucleoside analogue resistance 
5 mutation. Such agents will be particularly useful in long term treatment by nucleoside analogues. 
The agents may be DNA or RNA or proteinaceous or non-proteinaceous chemical molecules. 
Natural product screening such as from plants, coral and microorganisms is also contemplated 
as a useful potential source of masking agents. The agents may be in isolated form or in the form 
of a pharmaceutical composition and may be administered sequentially or simultaneously with 
10 the nucleoside analogue. 

The subject invention extends to kits for assays for variant HBV. Such kits may, for example, 
contain the reagents from PCR or other nucleic acid hybridisation technology or reagents for 
immunologically based detection techniques. 

15 

The present invention is further described by the following non-limiting figures and examples. 
In the figures: 

20 Figure 1 is a diagrammatic representation showing the partially double stranded DNA HBV 
genome showing the overlapping open reading frames encoding surface (S), core (C), 
polymerase (P) and X gene. 

Figure 2 is a graphical representation showing serum biochemical (ALT) and virological (HBV 
25 DNA) profile in the transplant patient and the responses following the introduction of various 
antiviral treatment programs. Treatment GCV + PFF, GCV and FCV[I] and FCV[II] are 
described in detail in the examples. Treatment GCV + PFF is ganciclovir plus foscarnet 
combination (12), treatment GCV is parenteral ganciclovir maintenance therapy and treatment 
FCV[I] and FCV[II] is oral famciclovir therapy at a dose of 250 mg or 500 mg twice daily, 
30 respectively. The day each therapy commenced is shown in brackets. The ALT (•-•) and the 
HBV DNA (□-□) responses are plotted against time from the commencement of antiviral 
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therapy at 6 months post-OLT. The five key time points for the sequence analysis, pre-treatment 
(PRE-) and days 87, 600, 816 and 1329 post antiviral treatment are shown. 

Figure 3 is a representation showing amino acid alignment of the RNA dependent DNA 
5 polymerase sequence motifs from HBV, pre-treatment with famciclovir and 370 days post- 
treatment (total antiviral therapy of 816 days), with the woodchuck hepatitis virus (WHV), 
human immunodeficiency virus (HIV), and the comparable regions with the DNA polymerase 
of herpes simplex virus (HSV) (13, 14). The conserved asparagine (D) and glycine (G) residues 
within the polymerase motifs are in bold type and the amino acid changes found after famciclovir 
10 treatment are in bold type and underlined. The location of the mutated amino acid residues 
within HBV polymerase are shown. The bold face underlined glycine (G) residue in the HSV 
polymerase becomes a cysteine (C) during penciclovir treatment (15). 

Figure 4 is a representation showing conserved regions of domain A to E (underlined) of HBV. 
15 M in YMDD is designated amino acid number 550. * indicates greater than three amino acid 
—possibilities at this position of the consensus sequence. 

Figure 5 is a representation showing amino acid alignment of the RNA dependent DNA 
polymerase sequence motifs from HBV, noting the amino acid changes which have been selected 

20 for in the presence of famciclovir and 3TC. HBV concensus sequence was derived from 
published sequences in Genebank/Entrez. The conserved asparagine (D) and glycine (G) 
residues within the polymerase motifs are in bold type. The amino acid changes found after 
famciclovir treatment are in bold green type and underlined and after 3TC are in bold blue type 
and are underlined. The amino acid sequence of the HBV isolated from patient A and patient 

25 B, during famicilovir treatment and from Patient C who did not respond to famciclovir and was 
later treated with 3TC in which a resistance mutation was selected (3TC 2). The published 3TC 
changes detected by Ling et al (16) is shown in 3TC 1 . 
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Figure 6 is a representation showing the nucleotide sequence of an HBV variant and 
corresponding amino acid sequences for HBV DNA polymerase and HBV surface antigen 
showing in bold mutations G498E in the polymerase and D144E and G145R in the surface 
antigen. 

5 
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EXAMPLE 1 
CASE STUDY 

1. PATIENT A 

5 The inventors sequenced the HBV polymerase and X open reading frames from a series of 
isolates from a patient who received antiviral therapy for almost 4 years following post liver 
transplant recurrence of HBV infection (Figure 2). 

The patient (male, aged 42 years) was transplanted because of end-stage liver failure due to 
10 chronic HBV infection. The initial post transplant course was unremarkable but by 5 months 
there was evidence of recurrent infection and very high levels of viral replication and 
deteriorating liver function (12). The histological picture was consistent with fibrosing 
cholestatic hepatitis. Antiviral treatment was commenced approximately 6 months post-OLT. 
Initially, the patient received intravenous (iv) ganciclovir (GCV; 10 mg/kg/day) in combination 
15 with iv foscarnet (PFF; 50-125 mg/kg/day; the dose depending on renal function) (12). This 
is the treatment of GCV+ PFF described in Figure 1 which lasted for 86 days. Maintenance iv 
GCV (3.3-6.7 mg/kg/day) three times per week was commenced on day 87 of antiviral treatment 
(GCV in Figure 1). Oral famciclovir (250 mg, twice daily) was commenced on day 446 of 
therapy (FCV [I] in Figure 1) which was increased to 500 mg twice daily (FCV [II] in Figure 1) 
20 on day 500. The patient is currently on this treatment regime. The clinical and virological details 
of this patient preceding famciclovir therapy have been reported (12). 

Serum samples were routinely collected and stored at -70°C. Informed consent was obtained 
from the patient to use these samples for research purposes. Figure 2 shows the alanine amino 
25 transferase (ALT) and HBV DNA levels over the entire course of antiviral treatment. The 5 
samples chosen for additional studies cover a period of almost four years. 

2. PATIENT B 

Patient B was retranspl anted for pre-core mutant associated HBV-related allograph loss 14 
30 months after the initial liver transplant. Antiviral treatment with GCV (7.5 mg/kg/day) was given 
for 10 months and then ceased. This was followed by oral famciclovir therapy given (500 mg 
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3 times/day). 



From patien, B the enure HBV polymerase gene was sequenced from a sen™ HBV sample 
lal cen posttransplantation after 850 days FCV therapy. The regions encompassing ,he ca,aly,tc 
5 domains of .he HBV polymerase were sequenced from a sentm sample pre.ransp.an, pnor <o 



FCV treatment. 



3 PATIENT C 

This pa,ien. did no. respond .0 famciclovir and was la.er .rea.ed with lamivudine (3TC) (6, 7) 
10 in which a resistance mutation was selected. 

4. PATIENT D 

This patient is treated with famciclovir in which resistance mula.ion is selected. 

EXAMPLE 2 
VIRAL MARKERS IN SERUM 

Hepa,,.is B surface antigen (HbsAg), hepatitis B e antigen (HbeAg), anti-HBe, hepati.is B core 
antigen (HbcAg) specific IgG and IgM, hepatitis A specific IgM. hepadtis delta antigen and 
20 antibody, and anti-hepatitis C virus antibody were measured using commercially avatlable 
immunoassays (Abbot, Laboratories, N on h Chfcago, IL). Only ,he HBV markers were postttve. 
Hepatitis B viral DNA levels were measured and quantified using a capture hybridisatton. assay 
according to the manufacturer's directions (Digene Diagnostics Inc., Beltsville, MD). Thts 
patient was infected with a pre-core HBV mutant pre-OLT (12) and this status did no, change 



25 post-OLT 



EXAMPLE 3 
SEQUENCING AND CLONING OF HBV DNA 



30 1 Extraction of DNA from sera: Aliquots of 50 M l of sera were mixed with 1 50 & TE 
( 10rnrnoVLTris-HCl(pH7.5),2rnrnolA.EDTA) ) 1 % w/v sodium dodecyl sulfate and 1 mg/ml 



WO 98/21317 PCT/AU97/00S20 

- 19- 

pronase and incubated at 37 °C for 2 hours. DNA was deproteinised by phenol/chloroform, 
precipitated with isopropanol and dissolved in 25 ij\ nuclease-free water. 

2. Amplification of the viral polymerase and X genes by polymerase chain reaction 
5 (PCR): Oligonucleotides were synthesised by Bresatec, Adelaide, Australia. For amplification 

of the polymerase gene, the sense primer was 5'- GGA GTG TGG ATT CGC ACT CC -3' 
[SEQ ID NO:l] (nucleotides [nt] -40 to -21) and the antisense primer was 5'- GCT CCA AAT 
TCT TTA TA -3' [SEQ ID NO:2] (nt 2831 to 2847). For amplification of the X gene, the sense 
primer was 5'-CCT TTA CCC CGT TGC CCG GC -3 ' [SEQ ID NO:3] (nt 2055 to 2074) and 

10 the antisense primer 5'- GCT CCA AAT TCT TTA TA -3' [SEQ ID NO:4] (nt 2831 to 2847). 
All nt are numbered from the start of the polymerase gene. Each reaction was carried out using 
5 m! of the extracted DNA as template, 1.5 U of Taq polymerase (Perkin Elmer Cetus, Norwalk, 
CT), 1 //mol/L of sense and antisense primers, 200 //mol/L each of deoxy nucleoside 
triphosphates, 50 mmol/L Kcl, 3.5 mmol/L MgCl, 10 mmol/L Tris-Hcl (pH 8.3) and 0.01% w/v 

15 gelatin. Amplification was achieved by 40 cycles of denaturation (94°C for 1 min), annealing 
(55°C for 1 min) and extension (72°C for 1.5 min), followed by a final extension of 7 min 
(Perkin-Elmer Cetus, Norwalk, CT). The PCR product was analysed by gel electrophoresis 
through. 1.5 % w/v agarose and visualised by UV irradiation after staining with ethidium 
bromide. 

20 

3. Sequencing of the polymerase and X genes of HBV DNA: The specific amplified 
product was purified using Geneclean II (BIO 101 Inc., La Jolla, CA) and directly sequenced 
using Sequenase version 2.0 (United States Biochemical Corp., Cleveland, OH). The PCR 
primers were used as sequencing primers and internal primers were additionally synthesised to 

25 sequence the internal regions of the PCR products. The following internal and sequencing 
primers were used 5'- GCC GCG TCG CAG AAG ATC TCA AT -3' [SEQ ID NO:5] (nt 104- 
126), 5'- GGT TCT ATC CTA ACC TTA CC -3' [SEQ ID NO:6] (nt 341-360), 5'- GCC TCA 
TTT TGT GGG TCA CCA TA -3' [SEQ ID NO:7] (nt 496-518), 5'- TGG GGG TGG AGC 
CCT CAG GCT -3' [SEQ ID NO:8] (nt 731-751), 5'- CAC AAC ATT CCA CCA AGC TC 

30 -3' [SEQ ID NO:9] (nt 879-899), 5'- AAA TTC GCA GTC CCC AAC -3' [SEQ ID NO: 10] 
(nt 1 183-1 195), 5'- GTT TCC CTC TTC TTG CTG T -3' [SEQ ID NO:l 1] (nt 1429-1447), 
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5'. TTT TCT TTT GTC TTT GGG TAT -3' [SEQ ID NO: 12] (nt 1683-1703) 5 '-CCA ACT 
TAC AAG GCC TTT CTG-3' [SEQ ID NO: 13] (nt 1978-1999), 5'-CAT CGT TTC CAT GGC 
TGC TAG GC-3' [SEQ ID NO: 14] (nt 2239-2262). 

5 4. Cloning of the HBV polymerase gene into pUC18: 

Due to the small amount of HBV DNA in the samples, the region encompassing nt 1429 to 1703 
from the HBV polymerase gene were amplified by PCR using the primers -5'-GTT TCC CTC 
TTC TTG CTG T-3' [SEQ ID NO: 15] (nt 1429-1447) and 5' ATA CCC AAA GAC AAA AG A 
AAA- 3' [SEQ ID NO: 16] (nt 1703-1683), before cloning. The DNA was purified with 
10 Geneclean II and ligated using T4 DNA ligase (New England Biolabs, Beverly, MA) into a Sma 
I - digested dephosphorylated pUC18 plasmid (Pharmacia Biotech, NJ). Clones were directly 
sequence as above. 

EXAMPLE 4 

15 DNA POLYMERASE ASSAY 

Samples of serum (100 fA) were applied to a 20% w/v sucrose cushion in TNE (20 mmol/L Tris- 
HCI pH 7.4, 150 mmol/L NaCl 2 1 mmol/L EDTA) and centrifuged at 200,000 g for 3 hr at 10°C 
using an SW41 rotor in a Beckman Model L8 ultracentrifuge. The pellet was resuspended in 50 

20 mmol/L TRIS-HC1 pH 7.5 containing 1.5% v/v Triton-XlOO, 100 mmol/L Kcl and 0.01% v/v 
2-mercaptoethanol and allowed to stand overnight at 4°C. Small aliquots of the suspension were 
assayed for endogenous HBV DNA polymerase activity essentially as described by Price et al 
(16). Each assay was performed in a total volume of 30 fA which contained 20 ptl of the partly 
purified HBV and (final concentrations) 30 mmol/L Tris-HCl pH 7.5, 30 mmol/L MgCl 2 , 10 

25 //mol/L each dATP, dTTP and dGTP, and 0.01 fuM [a- 32 P]-dCTP (3,000 Ci/mmol) (Dupont 
NEN, Boston, MA). To test for penciclovir triphosphate (PCV-TP) sensitivity, paired assays 
were performed on each sample, with an excess (100 //mol/L penciclovir-triphosphate included 
in the reaction mixture in one assay of each pair. After 2 hr at 37°C, reactions were stopped by 
spotting 20 fil aliquots of each reaction mix onto 25mm diameter glass fibre discs (Advantex, 

30 Tokyo, Japan) which had been pre-soaked in 10% w/v trichloroacetic acid (TCA). Discs were 
dried before washing in ice-cold 10% w/v TCA containing 10 mmol/L sodium pyrophosphate. 
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Three further 10 min washes in cold 5% v/v TCA followed. The washed discs were finally rinsed 
in absolute ethanol, air dried, and counted for radioactivity. Inhibition of HB V DNA polymerase 
activity by PCV-TP was expressed as the percentage difference in activity in the assay mix 
containing PCV-TP compared to the matched control. Because of limited sample amounts, it 
5 was not possible to standardize enzyme activity or to perform replicate assays. Despite the 
inherent variability of the assay, a general time related decrease in sensitivity of the HBV DNA 
polymerase to PCV-TP was evident (see Table 1). 

EXAMPLE 5 

1 o EFFECT OF ANTIVIRAL THERAPY 

Upon commencement of the antiviral treatment strategy GCV+ PFF, the level of HBV DNA 
post-OLT decreased from over 100,000 pg/ml to 10,800 pg/ml by day 87 (Figure 1). This 
reduction in viraemia was associated with clinical, biochemical and histological improvement 

15 (12). Maintenance famciclovir therapy (treatment GCV) resulted in fluctuating levels of HBV 
DNA over the ensuring 359 days with two peaks of HBV DNA observed. The switch to oral 
famciclovir on day 446 was also associated with a rise in HBV DNA, but this was likely to have 
been the result of insufficient dosing (FCV[I] in Figure 2) rather than a breakthrough in 
treatment. Following dose increase to FCV [II] on day 500, there was a decrease in HBV DNA. 

20 However, the level of HBV DNA gradually rose over time from 3T000 pg/ml on day 600 (154 
days of famciclovir), to 8,800 pg/ml on day 816 (370 days famciclovir), peaking at 29,000 pg/ml 
on day 1302 (856 days of famciclovir), then stabilising at around 12,000 pg/ml on day 1329 {883 
days of famciclovir). A students test of the DNA levels during the treatment period from days 
816 to days 1329, revealed statistically significant rise. There was a 1.5 to 2 fold rise in ALT 

25 levels over the same time interval (Figure 2) and no change in clinical status. 

< EXAMPLE 6 

NUCLEOTIDE CHANGES 

30 The X and the polymerase genes of HBV were sequenced at five time points (Figure 2). During 
almost 4 years of the antiviral therapy there were no changes in the X gene compared to the 
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pretreatment sequence. However, there were 5 nt changes detected in the polymerase gene from 
day 816 and day 1329 samples (Table 1). These changes were detected in separate independent 
PCR amplifications; furthermore the mutations were detected by sequencing both strands and 
are therefore unlikely to be the result of PCR generated errors. The nt changes in the polymerase 

5 gene were first detected after 816 days of treatment, when the patient had been treated with 
famciclovir for 370 days. However, only two nt changes, at positions 1498 and 1519 resulted 
in amino acid changes, Val 519- Leu and Leu 526- Met, respectively. These two nt changes 
appeared concurrently. At 81 6 days, three different nt (C,G,T) were detected at position 1498 
(all of which would result in a Val to Leu change). After 1329 days post-treatment, thymidine 

10 was the dominant species at nt 1498. The amino acid changes at 816 and 1329 days post 
treatment coincided with reduced serum HBV DNA polymerase sensitivity to PCV-TP (Table 
1). These nt changes were not found in 6 patients with post-OLT recurrent HBV infection who 
were not undergoing FCV therapy. 

15 The region encompassing the nt mutations which gave rise to amino acid changes from the 
sample taken at 1 329 days was cloned and sequenced. Three quasi-species were detected. 
Seventy-five percent (15/20) of the clones contained both the 1498 and 1519 mutations which 
occurred together. Pretreatrnent non-mutated sequences were detected in 3/20 of the clones. 
A further mutation at nt 1511, which would result in a proline to leucine change at position 523, 

20 was detected in 2/20 of the clones. This mutation was not detected with the two dominant 
mutations, 1498 (Val 519-Leu) and 1519 (Leu 526-Met), nor was it detected by direct PCR 
sequencing, indicating it probably occurs at a low frequency. Viral DNA from the sample 
obtained at 600 days (150 days of FCV treatment) was also cloned and sequenced; however, 
only the pre-treatment sequences were detected. 

25 

EXAMPLE 7 

NUCLEOTIDE CHANGES IN PATIENTS B, C AND D 

The amino acid changes in HBV isolated from patients B and C are shown in Figure 5, and from 
30 patient D is shown in Figure 6. In Figure 5, patient A is the same as shown in Figure 3. 
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Patient B was undergoing long term famciclovir treatment (>850 days). The amino acid change 
selected during famciclovir treatment is shown as HBV (patient B) in Figure 5. Patient C did not 
respond to famciclovir and was later treated with 3TC (lamivudine [6,7]). The HBV isolated 
during FCV treatment from patient C, is shown as HBV (patient C-FCV). All 3TC resistance 
5 mutations which developed during treatment with 3TC is shown as HBV (patient C-3TC). The 
sequence analysis showed a mutation (Thr-Ser substitution) in the HBV polymerase gene near 
the C domain but no mutation was initially detected in the YMDD motif. A mutation of Met 550 
to He in the YMDD motif was detected from HBV isolated 32 days (333 days post treatment) 
after the HBV containing the Thr-Ser substitution was isolated. 

10 

EXAMPLE 8 
ESCAPE MUTANTS 

Using the method hereinbefore described, HBV variants are screened for escape mutations. 
15 These are mutations in surface components such as the HBV surface antigen which reduce the 

interactivity of the surface component to antibodies or other immunological reagents. Given the 

overlapping open reading frame of HBV genome, a single mutation may have multiphenotypic 
consequences. For example, a mutation in the HBV DNA polymerase may also have an affect 
on the HBV surface antigen. 
20 ^ 

Preferred mutations in the HBV surface antigen are in amino acids 1 18 to 169 and/or 169 to 207 
such as D144E or G145R. These correspond to DNA polymerase mutations G498E and V499L. 

A particularly preferred escape mutant and nucleoside analogue resistant mutant has a nucleotide 
25 sequence set forth in Figure 6 with corresponding amino acid sequences for the DNA polymerase 
and surface antigen. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood that 
30 the invention includes all such variations and modifications. The invention also includes all of 
the steps, features, compositions and compounds referred to or indicated in this specification, 
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individually or collectively, and any and all combinations of any two or more of said steps 
features. 



BNSDOCID: <WO 9821317A1 I > 
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TABLE 1 

Nucleotide mutations in the polymerase gene and the resulting 
amino acid changes during antiviral therapy 







POLYMERASE GENE 




Days of 


Days post 


nt 297 


nt 1498 


ntl511* ntl519 


nt 2008 


nt 2331 


Inhibition of 


antiviral 


famciclovir 












HBVDNA 


treatment 


treatment 












Polymerase by 
















PCV-TP** 


Pre treatment 


NR*** 


T 


G 


C C 


C 


G 


40% 


87 


NR 












NA**** 


600 


154 












30% 


816 


370 




G.T.C 


A 






0% 


1329 


883 


C 


T 


T A 


A 


A 


0% 


Amino acid change 


None 


Val519- 


Pro 523- Leu 526- 


None 


None 










Leu 


Leu Met 









The dashes indicate no change from the pre-treatment nucleotide. 

* The mutation was only detected after cloning the PCR product after 1329 days of 

antiviral treatment. It occurred at a low frequency and was present in only 10% of 

clones. 

** The percentage inhibition of HBV DNA polymerase by PCV-TP in the in vitro 
assay as described in the Methods section. 
*** NR- not relevant 
**** NA- not assessable 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: (other than US) WESTERN HEALTH CARE NETWORK 

(US only): LOCARNINI, S A, BARTHOLMEUSZ, A I, De MAN, R. 

(ii) TITLE OF INVENTION: VIRAL VARIANTS AND METHODS FOR 

DETECTING SAME 

(iii) NUMBER OF SEQUENCES: 20 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: DA VIES COLLISON CAVE 

(B) STREET: 1 LITTLE COLLINS STREET 

(C) CITY: MELBOURNE 

(D) STATE: VICTORIA 

(E) COUNTRY: AUSTRALIA 

(F) ZIP: 3000 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: INTERNATIONAL (PCT) 

(B) FILING DATE: 15-AUG- 1997 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: AU PROVISIONAL 

(B) FILING DATE: 08-NOV- 1996 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: HUGHES DR, E JOHN L 

(C) REFERENCE/DOCKET NUMBER: EJH/AF 

(ix) TELECOMMUNICATION INFORMATION: . 

(A) TELEPHONE: +6 1 3 9254 2777 

(B) TELEFAX: +61 3 9254 2770 
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(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
GGA GTG TGG ATT CGC ACT CC 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
GCT CCA AAT TCT TTA TA 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 
CCT TTA CCC CGT TGC CCG GC 



(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 
GCT CCA AAT TCT TTA TA 



(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
GCC GCG TCG CAG AAG ATC TCA AT 



(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
GGT TCT ATC CTA ACC TTA CC 



(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
GCC TCA TTT TGT GGG TCA CCA TA 



(2) INFORMATION FOR SEQ ID NO : 8 : 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
TGG GGG TGG AGC CCT CAG GCT 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 



CAC AAC ATT CCA CCA AGC TC 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
AAA TTC GCA GTC CCC AAC 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GTT TCC CTC TTC TTG CTG T 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TTT TCT TTT GTC TTT GGG TAT 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCA ACT TAC AAG GCC TTT CTG 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CAT CGT TTC CAT GGC TGC TAG GC 2 3 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GTT TCC CTC TTC TTG CTG T 19 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
ATA CCC AAA GAC AAA AGA AAA 21 
(2) INFORMATION FOR SEQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 550 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1 . .549 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

TCT TCC AAT TTG TCC TGG TTA TCG CTG GAT GTG TCT GCG GCG TTT TAT 4 8 

Ser Ser Asn Leu Ser Trp Leu Ser Leu Asp Val Ser Ala Ala Phe Tyr 
15 10 15 

CAT ATT CCT CTT CAT CCT GCT GCT ATG CCT CAT CTT CTT ATT GGT TCT 9 6 

His lie Pro Leu His Pro Ala Ala Met Pro His Leu Leu lie Gly Ser 
20 25 30 

TCT GGA TTA TCA AGG TAT GTT GCC CGT TTG TCC TCT AAT TCC AGG ATC 144 
Ser Gly Leu Ser Arg Tyr Val Ala Arg Leu Ser Ser Asn Ser Arg lie 
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35 40 45 

APC AAC AAC ATG CAA AAC CTG CAC GAC TCC TGC TCA AGG CAA CTC TAC 
ten ten Asn Met Gin Asn Leu His Asp Ser Cys Ser Arg Gin Leu Tyr 
50 55 60 

GTT TCC CTC ATG TTG CTG TAC AAA ACC TAC GGA GAG AAA TTG CAC CTG 
Val Ser Leu Met Leu Leu Tyr Lys Thr Tyr Gly Glu Lys Leu His Leu 
65 70 75 80 

TAT TCC CAT CCC ATC GTC CTG GGC TTT CGC AAA ATA CCT ATG GGA GTG 
Tyr Ser His Pro lie Val Leu Gly Phe Arg Lys He Pro Met Gly Val 
85 90 95 

GGC CTC AGT CCG TTT CTC TTG GCT CAG TTT ACT AGT GCC ATT TGT TCA 
Glv Leu Ser Pro Phe Leu Leu Ala Gin Phe Thr Ser Ala lie Cys Ser 
100 105 HO 

GTG GTT CGT AGG GCT TTC CCC CAC TGT TTG GCT TTC AGC TAT ATG GAT 
Val Val Arg Arg Ala Phe Pro His Cys Leu Ala Phe Ser Tyr Met Asp 
115 120 125 

GAT GTG GTA TTG GGG GCC AAG TCT GTA CAG CAT CGT GAG GCC CTT TAT 
ASD val Val Leu Gly Ala Lys Ser Val Gin His Arg Glu Ala Leu Tyr 
130 135 140 

ACC GCT GTT ACC AAT TTT CTT TTG TCT CTG GGT ATA CAT TTA AAC CCT 
Thr Ala val Thr Asn Phe Leu Leu Ser Leu Gly He His Leu Asn Pro 
145 150 155 160 

AAC AAA ACA AAA AG A TGG GGT TAT TCC CTA AAC TTC ATG GGT TAC ATA 52 8 

Arg " * " m " v " 

165 



AAC AAA ACA AAA AGA TCJU tax i«~v- - ~~ * ----- 

Asn Lys Thr Lys Arg Trp Gly Tyr Ser Leu Asn Phe Met Gly Tyr He 

* 170 1 '5 



ATT GGA AGT TGG GGA ACA TTG C 
He Gly Ser Trp Gly Thr Leu 
180 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 183 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



Ser Ser Asn Leu Ser Trp Leu Ser Leu Asp Val Ser Ala Ala Phe Tyr 
1 5 10 15 

His He Pro Leu His Pro Ala Ala Met Pro His Leu Leu He Gly Ser 

25 30 



20 



Ser Glv Leu Ser Arg Tyr Val Ala Arg Leu Ser Ser Asn Ser Arg He 
35 40 45 

Asn Asn Asn Met Gin Asn Leu His Asp Ser Cys Ser Arg Gin Leu Tyr 
50 55 60 

Val Ser Leu Met Leu Leu Tyr Lys Thr Tyr Gly Glu Lys Leu His Leu 
65 70 75 80 

Tvr Ser His Pro He Val Leu Gly Phe Arg Lys He Pro Met Gly Val 
85 90 95 



192 



240 



288 



336 



384 



432 



480 



550 



RN«;nnrin -wn 
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Glv Leu Ser Pro Phe Leu Leu Ala Gin Phe Thr Ser Ala He Cys Ser 
100 105 HO 

Val Val Arg Arg Ala Phe Pro His Cys Leu Ala Phe Ser Tyr Met Asp 
115 120 125 

Asp Val Val Leu Gly Ala Lys Ser Val Gin His Arg Glu Ala Leu Tyr 
130 135 140 

Thr Ala Val Thr Asn Phe Leu Leu Ser Leu Gly He His Leu Asn Pro 
145 150 155 160 

Asn Lys Thr Lys Arg Trp Gly Tyr Ser Leu Asn Phe Met Gly Tyr He 
165 170 175 

lie Gly Ser Trp Gly Thr Leu 
180 

(2) INFORMATION FOR SEQ ID NO: 19: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 550 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME /KEY : CDS 

(B) LOCATION: 2.. 550 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

T CTT CCA ATT TGT CCT GGT TAT CGC TGG ATG TGT CTG CGG CGT TTT 
Leu Pro He Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe 
! 5 10 15 

ATC ATA TTC CTC TTC ATC CTG CTG CTA TGC CTC ATC TTC TTA TTG GTT 
He He Phe Leu Phe He Leu Leu Leu Cys Leu He Phe Leu Leu Val 
20 25 30 



TGT ATT CCC ATC CCA TCG TCC TGG GCT TTC GCA AAA TAC CTA TGG GAG 
Cvs He Pro He Pro Ser Ser Trp Ala Phe Ala Lys Tyr Leu Trp Glu 
80 85 90 95 



46 



94 



CTT CTG GAT TAT CAA GGT ATG TTG CCC GTT TGT CCT CTA ATT CCA GGA 142 
Leu Leu Asp Tyr Gin Gly Met Leu Pro Val Cys Pro Leu He Pro Gly 
35 40 45 

TCA ACA ACA ACA TGC AAA ACC TGC ACG ACT CCT GCT CAA GGC .AAC TCT 19 0 

Ser Thr Thr Thr Cys Lys Thr Cys Thr Thr Pro Ala Gin Gly Asn Ser 
50 55 60 

ACG TTT CCC TCA TGT TGC TGT ACA AAA CCT ACG GAG AGA AAT TGC ACC 23 8 

Thr Phe Pro Ser Cys Cys Cys Thr Lys Pro Thr Glu Arg Asn Cys Thr 
65 70 75 



286 



TGG GCC TCA GTC CGT TTC TCT TGG CTC AGT TTA CTA <5TG CCA TTT GTT 334 
Trp Ala Ser Val Arg Phe Ser Trp Leu Ser Leu Leu Val Pro Phe Val 
100 105 HO 

CAG TGG TTC <3TA <3GG CTT TCC CCC ACT GTT TGG CTT TCA -GCT ATA TGG 382 
Gin Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu Ser Ala He Trp 
115 120 125 



41 
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ATG ATG TGG TAT TGG GGG 
Met Met Trp Tyr Trp Gly 
130 

ATA CCG CTG TTA CCA ATT 
lie Pro Leu Leu Pro lie 
145 

CTA ACA AAA CAA AAA GAT 
Leu Thr Lys Gin Lys Asp 
160 165 

TAA TTG GAA GTT GGG GAA 
* Leu Glu Val Gly Glu 
180 



CCA AGT CTG TAC AGC ATC 
Pro Ser Leu Tyr Ser lie 
135 

TTC TTT TGT CTC TGG GTA 
Phe Phe Cys Leu Trp Val 
150 155 

GGG GTT ATT CCC TAA ACT 
Gly Val lie Pro * Thr 
170 

CAT TGC 
His Cys 



GTG AGG CCC TTT 43 0 

Val Arg Pro Phe 

140 

TAC ATT TAA ACC 478 
Tyr He * Thr 



TCA TGG GTT ACA 52 6 

Ser Trp Val Thr 
175 

550 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 183 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : linear 

<ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Leu Pro He Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe He 
15 10 15 

He Phe Leu Phe He Leu Leu Leu Cys Leu lie Phe Leu Leu Val Leu 
20 25 30 

Leu Asp Tyr Gin Gly Met Leu Pro Val Cys Pro Leu He Pro Gly Ser 
35 40 45 

Thr Thr Thr Cys Lys Thr Cys Thr Thr Pro Ala Gin Gly Asn Ser Thr 
50 55 60 

Phe Pro Ser Cys Cys Cys Thr Lys Pro Thr Glu Arg Asn Cys Thr Cys 
65 70 75 80 

He Pro He Pro Ser Ser Trp Ala Phe Ala Lys Tyr Leu Trp Glu Trp 
85 90 95 

Ala Ser Val Arg Phe Ser Trp Leu Ser Leu Leu Val Pro Phe Val Gin 
100 105 HO 

Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu Ser Ala He Trp Met 
115 120 125 

Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser He Val Arg Pro Phe lie 
130 135 140 

Pro Leu Leu Pro He Phe Phe Cys Leu Trp Val Tyr He * Thr Leu 
145 150 155 160 

Thr Lys Gin Lys Asp Gly Val He Pro * Thr Ser Trp Val Thr * 
165 170 175 

Leu Clu Val Gly Glu His Cys 
180 
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CLAIMS: 



1. A variant of an isolated DNA virus which replicates via an RNA intermediate wherein 
said variant comprises a nucleotide mutation in a gene encoding a DNA polymerase or part 
thereof resulting in at least one amino acid addition, substitution and/or deletion to said DNA 
polymerase. 

2. A variant of an isolated DNA virus which replicates via a RNA intermediate wherein said 
variant comprises a nucleotide mutation in a gene encoding a surface component or a part 
thereof resulting in at least one amino acid addition, substitution and/or deletion to said surface 
component. 

3. A variant of an isolated DNA virus which replicates via an RNA intermediate at least 
wherein said variant comprises a nucleotide mutation in an overlapping portion of at least two 
open reading frames resulting in an amino acid addition, substitution and/or deletion to 
translation products of said two open reading frames. 

4. A variant according to claim 1 or 2 or 3 wherein said DNA virus is hepatitis B virus 
(HBV). 

5. A variant according to claim 1 or 3 wherein the amino acid mutation is in the B domain 
and/or C domain of the HBV DNA polymerase. 

6. A variant according to claim 2 or 3 wherein the amino acid mutation corresponds to the 
B domain and/or C domain of the HBV DNA polymerase. 

7. A variant according to claim 1 6r3 comprising a mutation in one or more of amino acids 
within the sequence: 

Q/K TY/FG RAV KLHL Y/L S/A HPI I/V LGFRK I/L PMG V/G GLS PFLL 

AQFTSAI C/L S 
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of HBV DNA polymerase. 

8. A variant according to claim 7 comprising a mutation in one or more amino acids within 
the sequence: 

S/A HPI I/V LGFRK I/L PMG V/G GLS PFLL AQFTS AIC/L S 
of HBV DNA polymerase. 

9. A variant according to claim 1 or 3 comprising a nucleotide sequence which encodes a 
DNA polymerase having the amino acid sequence: 

X J HPIX 2 LGX 3 RKX 4 PMGX 5 GLSX 6 FLX 7 AQFTS AX 8 X 9 

X 10 FX U YX 12 DDX 13 VLGAX I4 X 15 

wherein X, is S or A; 

X 2 is I or V; 

X 3 is F or L; 

X 4 is I or L; 

X 5 is L or V or G; 

X 6 is P or L; 

X 7 is L or M; 

X 8 is I or L; 

X 9 is C or L; 

X 10 is A or V; 

X,, is S or A; 

X l2 isMorIorV; 

X, 3 is V or Lor M; 

X l4 is K orR; and/or 

X I5 S orT; 

and wherein said variant exhibits reduced sensitivity to a nucleoside sensitivity to a nucleoside 
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analogue, such as famciclovir (penciclovir) and/or lamivudine (3TC). 

10. A variant according to claim 2 or 3 having a mutation in one or more of amino acids 1 1 8 
to 169 or 169 to 207 of HBV surface antigen. 

11. A variant according to claim 10 comprising a DNA polymerase having the amino acid 
sequence: 

X )6 TX n X 18 X 19 KlJ^X 20 X 21 H^ 

X I0 FX U YM 12 DDX 13 VLGAX 14 X 15 

wherein: X 16 is Q or K; 

X, 7 is YorF; 

X, 8 is G or E; 

X 19 isRorW orK; 

X 20 is Y or L; 

X 2t is S or A; 

X 22 is I or V; 

X 3 is F or L; 

X 4 is I or L; 

X 5 is L or V or G; 

X 6 is P or L; 

X 7 is L or M; 

X 8 is I or L; 

X 9 is C or L; 

X 10 is A or V; 

X n is S or A; 

X, 2 is M or I or V; 

X n is V or L or M; 

X 14 is K or R; and/or 

X 15 S or T; 
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and wherein said variant exhibits reduced sensitivity to a nucleoside sensitivity to a nucleoside 
analogue, such as famciclovir (penciclovir) and/or lamivudine (3TC). 

12. A variant according to claim 1 or 2 or 3 selected from Ile509Val, Phe512Leu, 
Val519Leu, Pro523Leu, Leu526Met, Ile533Leu, Met550Val/Ile, Ser559Thr, Gly498Glu, 
Arg/Tip499Lys, Thr530Ser. 

13. An HBV variant comprising a mutation in the nucleotide sequence encoding a DNA 
polymerase resulting in an amino acid addition, substitution and/or deletion in said DNA 
polymerase in its B domain and/or C domain or in a region proximal thereto, provided said 
mutation is not in the YMDD motif of the C domain alone, and wherein said variant exhibits 
decreased sensitivity to a nucleoside analogue. 

14. An HBV variant comprising a mutation in the nucleotide sequence encoding a viral 
surface component resulting in an amino acid addition, substitution and/or deletion in said viral 
surface component in a region corresponding to the B domain and/or C domain of HBV DNA 
polymerase or a region proximal to the B domain and/or C domain of HBV DNA polymerase 
and wherein said variant exhibits decreased interactivity of immunological reagents to said viral 
surface component. 

15. An HBV variant comprising a mutation in the nucleotide sequence encoding a viral 
surface component resulting in an amino acid addition, substitution and/or addition in said viral 
surface component in a region defined by amino acids 1 18 to 169 and/or 169 to 207 of the HBV 
surface antigen or functionally equivalent region wherein said variant exhibits decreased 
interactivity of immunological reagents to said viral surface component. 

1 6. An HBV variant comprising a mutation in an overlapping open reading frame in its 
genome wherein said mutation is in the B and/or C domain of DNA polymerase provided that 
it is not in the YMDD motif of the C domain alone; and in the overlapping region corresponding 
to amino acids 1 18 to 169 and/or 169 to 207 or equivalent of HBV surface antigen and wherein 
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said variant exhibits decreased sensitivity to a nucleotide analogue and exhibits decreased 
interactivity to immunological reagents specific to HBV surface antigens. 

17. Accordingly, the present invention is directed to an HBV having the nucleotide sequence 
as set forth in SEQ ID NO: 17 or a derivative thereof having a single or multiple nucleotide 
addition, substitution and/or deletion thereto such as a nucleotide sequence having at least 60% 
similarity to SEQ ID NO: 17. 

18. A variant HBV exhibiting reduced sensitivity to a nucleoside analogue and reduced 
interactivity to an antibody to wild-type HBV surface antigen, said HBV variant characterised 
by one or more of the following characteristics: 

(i) a nucleotide sequence of its genome as set forth in SEQ ID NO: 17 or a sequence having 
at least 60% similarity thereto; 

(ii) a nucleotide sequence capable of hybridising to SEQ ID NO: 17 under low stringency 
conditions at 42°C; 

(iii) a mutation in an overlapping portion of open reading frames for DN A polymerization and 
HBV surface antigen; and 

(iv) a mutation in the B and/or C domain of HBV DNA polymerase and is a region 
corresponding to amino acids 1 18 to 169 and/or 169 to 207 of HBV surface antigen. 

19. A method for a method for determining the potential for an HBV to exhibit reduced 
sensitivity to a nucleoside analogue, said method comprising isolating DNA or corresponding 
mRNA from said HBV and screening for a mutation in the nucleotide sequence encoding HBV 
DNA polymerase resulting in at least one amino acid substitution, deletion and/or addition in the 
B domain or C domain or a region proximal thereto of said DNA polymerase wherein the 
presence of such a mutation is an indication of the likelihood of resistance to said nucleoside 
analogue. 

20. A method for determining the potential for an HBV to exhibit reduced interactivity to 
antibody to HBV surface antigen, said method comprising isolating DNA or corresponding 
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mRNA from said HBV and screening for a mutation in the nucleotide sequence encoding HBV 
surface antigen resulting in at least one amino acid substitution, deletion and/or addition in amino 
acids 1 18 to 169 and/or 169 to 207 of said surface antigen or a region proximal thereto of said 
surface antigen wherein the presence of such a mutation is an indication of the likelihood of 
reducing interactivity of said antibodies to said mutated surface antigen. 

21 . A method according to claim 19 or 20 wherein the assay detects a mutation selected from 
Ue509Val, Phe512Leu, Val519Leu, Pro523Leu, Leu526met, Ile533Leu, Met550Val/lle, 
Ser559Thr, Gly498Glu, Arg/Trp499Lys, Thr530Ser. 

22. A method for detenriining whether an HBV isolate encodes a variant DNA polymerase, 
said method comprising determining the amino acid sequence of its DNA polymerase directly or 
via a nucleotide sequence and comparing same to the amino acid sequence below: 

DOMAIN A 
421 430 440 450 

SN D LSWLSLD VSAAFYH I pPL HPAAMPHLL I V GSSGL S D RYVA 

460 470 480 490 

RLSSWI* 1 * N YhQ H yV** D nLH V^SRNqLYVS ^H^V^S** 

DOMAIN B 

500 510 520 530 

klhlYlSahpi i v lgfrk! l pmg v g glspfllaqf tsaiC l a s v m v t Rcr 

DOMAIN C 
540 550 560 

AFFpHCWfSaY MDD V L M VLGA K R S T V GQEH L S R E S F L F y T A A S 

DOMAIN D DOMAIN E 

570 580 590 600 

V I T c N s F vLL S D L vG I HLNP N qKTKRW GY SLNFMGY^j I G 

where the presence of a different amino acid from the consensus sequence indicates a putative 
HBV variant. 
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* * * * * * 

TCTTCCAATT TGTCCTGGTT ATCGCTGGAT 

pol SSN LSWL SLD 

HBsAG LPI CPG YRWM 



CATCCTGCTG CTATGCCTCA TCTTCTTATT 
HPA AMPH LLI 
ILL LCLI F LL 



CGTTTGTCCT CTAATTCCAG GATCAACAAC 
RL S SNSR INN 
VCP LIP GST T 



i 

AGGCAACTCT ACGTTTCCCT CATGTTGCTG 
RQL YVSL MLL 
GNS TFP SCCC 



TATTCCCATC CCATCGTCCT GGGCTTTCGC 
YSH PIVL GFR 
IPI P SS W A F A 



Fig.6(i) 
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★ * * * * * 

GTGTCTGCGG C GTTTT ATC A TATTCCTCTT 

VSA AFYH IPL> 

CLR RFI I F L F> 



★ * * * * * 

GGTTCTTCTG GATTATCAAG GTATGTTGCC 

GSS GLSR Y V A> 

VLL DYQ GMLP> 



* * * * * * 

AACATGCAAA ACCTGCACGA CTCCTGCTCA 

NMQ NLHD SCS> 

TCK TCT T P A Q> 



* * * * * * 

TACAAAACCT AC GGAGAGAA ATTGCACCTG 
YKT YGEK L HL> 
T K P TER NCTC> 



* * * ★ * * 

AAAAT AC C T A TGGGAGTGGG CCTCAGTCCG 
KIP MGVG LSP> 

KYL WEW A S ■ V R> 



Fig.6(ii) 
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* * * * * * 

TTTCTCTTGG CTCAGTTTAC TAGTGCCATT 
FLL AQFT SAI 
FSW L S L L VPF 



★ * * * * * 

TGTTTGGCTT TCAGCTATAT GGATGATGTG 

CLA F SYM DDV 

VWL SAI WMMW 



* * * * * * 

GAGGCCCTTT ATACCGCTGT TACCAATTTT 
EAL YTAV TNF 
RPF I P L LPIF 



AACAAAACAA AAAGATGGGG TTATTCCCTA 
NKT KRWG YSL 
TKQ K DG VIP* 



* * 

GGAACATTGC 
G T L X> 
E H C> 

Fig.6 (Hi) 
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* * * * * ★ 

TGTTCAGTGG TTCGTAGGGC TTTCCCCCAC 
C SV VRRA FPH> 



V 



W 



V 



T> 



* * * * * * 

GTATTGGGGG CCAAGTCTGT ACAGCATCGT 

VLG AK-SV QHR> 

YWG PSLY SIV> 



★ * * * * * 

CTTTTGTCTC T GGGT AT AC A TTTAAACCCT 

LLS LGIH LNP> 
FCL WVY I*TL> 



AACTTCATGG GTTACATAAT TGGAAGTTGG 
NFM GYII GSW> 
TSW V T * L EVG> 



Fig.6 (iv) 
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